The manufacture of polymeric materials with desired properties is the main task of polymer chemistry. Within the framework of free-radical polymerization, this problem can be solved, for example, by performing the process in the presence of suitable initiating systems. Similar to Ziegler-Natta catalytic systems, which are used for ionic-coordination polymerization, initiation systems containing organometallic compounds attract the attention of researches [1].
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By the example of methyl methacrylate (MMA), it was established [2] [3] [4] that the use of diverse metallocenes (ferrocene, titanocene dichloride, etc.) in combination with initiators (benzoyl peroxide, AIBN) allows not only substantial shortening of the duration of the process but also makes it possible to synthesize PMMAs with lower molecular masses, narrower molecular-mass distributions, and increased numbers of syndiotactic sequences in polymer chains.
Initiation systems containing heteroaromatic diketocarboxylic acids, especially 3,6-bis( o-carboxybenzoyl)-N-isopropylcarbazole (BC-N), were found to be catalysts of decomposition of benzoyl peroxide [5] . Moreover, the effect of BC-N on the microstructure of the polymer appeared to be so strong that it manifested itself at concentrations one or two orders of magnitude lower than that of peroxide and exceeded the effect of metallocene systems [2, 3, 5, 6] .
However, polymerization decelerates in the presence of peroxide-nitrogen-containing compound systems [7] , thus complicating the industrial production of polymeric materials. It might be expected that the combination of a metallocene and a nitrogen-containing compound in initiation systems would make it possible not only to preserve their stereoregulating effects but also to accelerate polymerization.
In this study, the free-radical polymerization of MMA initiated by the benzoyl peroxide-BC-N-ferrocene ternary system was investigated and the properties of the resultant polymers were examined.
EXPERIMENTAL
MMA was purified of stabilizer via shaking with a 5-10% KOH solution, washed with water until the reaction was neutral, dried over CaCl 2 , and distilled in vacuum two times. Benzoyl peroxide was recrystallized from methanol tree times and dried in vacuum at room temperature to a constant weight; T m = 108 ° C (with decomposition). Ferrocene was synthesized using the known procedure [8] and sublimated. BC-N was synthesized and purified as described in [9] .
The kinetics of bulk polymerization was studied with dilatometry [10] ; the temperature was maintained with an error of ± 0.05°ë . The intrinsic viscosity of PMMA benzene solutions was measured in an Ubbelohde viscometer [11] at 25 ± 0.05°ë . For this purpose, polymer samples were isolated at low monomer conversions (5%), reprecipitated two times from acetone into methanol, and dried in vacuum at 40°ë to a constant weight. The molecular mass of PMMA was calculated using the equation [ η ] = KM α , where K = 0.94 × 10 -4 and α = 0.76.
A Ternary Initiating
The content of syndio-and isotactic sequences in macromolecules was determined by 1 H NMR spectroscopy in deuterochloroform solutions with a Bruker AM-300 instrument operating at a frequency of 300 MHz [12] [13] [14] .
RESULTS AND DISCUSSION
The study of MMA polymerization initiated by the benzoyl peroxide-ferrocene-BC-N ternary system showed that the initial rate W 0 of polymerization increases and simultaneously the viscosity-average degree of polymerization ê η of the polymers is noticeably decreased as compared with samples prepared in the absence of any additives (Table 1) . Moreover, no cymbate changes in the average degree of polymerization and in the reaction rate with the concentration of additives are observed. Such changes are typical of polymers synthesized in the presence of BC-N solely [5] . Therefore, it may be assumed that a reduction in molecular mass is primarily related to the effect of ferrocene, which induces the decomposition of benzoyl peroxide [2, 15] .
Throughout the studied temperature range, an increase in ferrocene concentration (at a fixed BC-N content) is accompanied by a reduction in the average degree of polymerization and a rise in the initial reaction rate that tends toward its limiting value (Table 1) . This result is due to the fact that the number of radicals initiating polymerization increases as a result of ferrocene inducing decomposition of the peroxide initiator [2, 15] .
In contrast to the effect of ferrocene, an increase in the concentration of BC-N (at a constant ferrocene content) causes a slight decline in the initial rate of polymerization, which tends toward its limiting value, and a rise in the average degree of polymerization (Table 1) . Seemingly, the presence of diketocarboxylic acid affects the reactivity of propagating radicals via mutual coordination between components of the initiation system. Obviously, this coordination should be temperature-dependent, and this is indeed the case in experiments: the increase in molecular mass is less pronounced at 60°ë than at the other tested temperatures.
At an elevated temperature ( 60°ë ), ferrocene plays a key role since it greatly reduces the stability of the peroxide bond and induces the decomposition of benzoyl peroxide through the formation of an unstable benzoyl peroxide-ferrocene intermediate complex [15, 16] . A relatively slight decrease in the initial rate of polymerization as compared with the rate of the process carried out in the presence of only ferrocene may be related to the formation of an intermediate benzoyl peroxide-BC-N charge-transfer complex [4, 17] that binds 
